Numerous studies have supported the idea that de novo protein synthesis is critical for synaptic plasticity and normal long-term memory formation. This requirement for protein synthesis has been shown for several different types of fear memories, exists in multiple brain regions and circuits, and is necessary for different stages of memory creation and storage. However, evidence has recently begun to accumulate suggesting that protein degradation through the ubiquitin-proteasome system is an equally important regulator of memory formation. Here we review those recent findings on protein degradation and memory formation and stability and propose a model explaining how protein degradation may be contributing to various aspects of memory and synaptic plasticity. We conclude that protein degradation may be the major factor regulating many of the molecular processes that we know are important for fear memory formation and stability in the mammalian brain.
Introduction
Pavlovian fear memories are formed when a neutral conditional stimulus (CS) is paired with an aversive unconditional stimulus (UCS). As a result of learning this association, the CS will acquire the ability to elicit a fear response. Memories formed through Pavlovian conditioning are thought to go through several stages that allow for their creation, storage and modification. Acquisition occurs when the animal is first exposed to the stimuli and their programmed relationship and this newly formed memory will remain in a labile state for a brief period of time following the acquisition period. The memory is then transferred, through a process known as memory consolidation, into a stable state in which it is no longer susceptible to disruption (McGaugh, 2000) . However, upon retrieval a once consolidated memory ''destabilizes'' and enters a new labile phase known as memory reconsolidation (Nader, Schafe, & LeDoux, 2000) . The reconsolidation process is believed to be dynamic and allows new information to be incorporated into the existing trace, which can strengthen (Inda, Muravieva, & Alberini, 2011; Lee, 2008) or weaken (Agren et al., 2012; Clem & Huganir, 2010; Lee et al., 2008; Monfils, Cowansage, Klann, & LeDoux, 2009; Rao-Ruiz et al., 2011; Schiller et al., 2010 ) the original memory. Additionally, after repeated presentations of the CS without the UCS, memories can also undergo extinction. The extinction process is believed to include the formation of a new inhibitory memory that reduces responding the CS without erasing the original excitatory CS-UCS association and this is largely regulated by synaptic plasticity in the infralimbic region of the prefrontal cortex and the amygdala (Myers & Davis, 2007) . Like fear memory consolidation and reconsolidation, the extinction consolidation process is a distinct phase characterized by the formation of a new inhibitory memory that requires synaptic alterations in multiple brain regions.
Pavlovian fear memories are formed and stored in multiple brain regions, and the specific regions recruited depend largely on the type of memory acquired (Helmstetter, Parsons, & Gafford, 2008) . In general, many of these memories require de novo protein synthesis in the amygdala for their long-term storage. For example, infusions of protein synthesis inhibitors directly into the amygdala can disrupt contextual (Jarome, Werner, Kwapis, & Helmstetter, 2011; Parsons, Gafford, & Helmstetter, 2006) , auditory delay (Jarome et al., 2012; Nader et al., 2000; Parsons Gafford, Baruch, Riedner, & Helmstetter, 2006; Parsons, Gafford, & Helmstetter, 2006; Schafe & LeDoux, 2000; Schafe, Nadel, Sullivan, Harris, & LeDoux, 1999) and trace (Kwapis, Jarome, Schiff, & Helmstetter, 2011) fear memories, conditioned taste aversion memories (Bahar, Samuel, Hazvi, & Dudai, 2003) as well as fear potentiated startle (Yeh, Mao, Lin, & Gean, 2006) . Inhibiting protein synthesis in the hippocampus can disrupt the long-term storage of contextual fear memories (Bourtchouladze et al., 1998; Gafford, Parsons, & Helmstetter, 2011; Lee et al., 2008) while infusion of protein synthesis inhibitors in the auditory thalamus disrupts auditory delay fear memories (Parsons, Riedner, Gafford, & Helmstetter, 2006) and
